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The teachers who created this book 
established a goal of finding ways to enliven 
and enrich the classrooms of math, 
technology, science, and engineering. The 

teachers decided to look past the existing on l y found ways to attract and retain 
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sciences, and engineering, as well as faculty outside those fields. The 
philosophy of the project is that much can be learned from other fields 
because (a) many of these fields are able to attract and retain students from 
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The Pac-TEC project focuses on four particular groups - women, African 
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Initially the project has focused on thoroughly understanding the problem 
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The Pac-TEC team asked questions such as: 
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How can the fields value the unique talents and skills that students from 
underrepresented groups have to offer? 
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underrepresented groups - population trends: The appeal for greater 
participation of women and minorities in science-based fields is 
not merely altruistic; it is essential for maintaining and expanding 
an adequate talent pool of technical professionals. Our pool of 
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Many of the priorities and learning styles prevalent in underrepresented groups 
are in alignment with the expanding skills required of the workforce of the 21st 
century. For example, cooperative work groups and holistic, "big picture" 
thinking trains students for the workforce of the future. (Culotta 1994, Fitzgerald 
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People have to be able to work together and function in teams. Of 
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CHAPTER THREE: UNDERREPRESENTED 6-ROUPS 

Even though students from underrepresented groups are an ever-increasing 



o 

ERIC 



to 

_CD 

■m' TO 

in in 

gJ! 

E ■ M 

E + J 

j= u 
TO 03 

^ TJ 

-O -E " 

D 

E -- 

w S "O 

2 5 - 

?. >» "O 



c 

TO 



c 

TO 



a; 



in 

3 "TO 
C T3 
O TO 
p ~o 
to => 

in 3 >< 

CD (D 

O TO ^ 
TO 3 £ 

3?l 

Q. C U 

0 — TO 
Q.T3 c 
^ TO 

c T 3 £ 
TO o 

T3 u J' 
D C TO 

1 j ■ — 

to ^3 
i*. O 
D C CU 



w CD 

H— l- 

O ( U 



S,s 



03 

-M 

c 

CD 

u 



CD c 

Q. E 



to 

"D 

C 

03 



i in 

*-» <D 

E +- 1 

TO 3 

U 



E 

TO 

•M 

tO jj 

■o ^ c 

5 i 2 

C c a; 
TO TO ijz 

on t “ 

TO -T3 
Q. VJ 03 

to a> i_ 
t -C o 
a3 +- v+ - 
"0 -C O 
C OlOl 
D D TO 

E O in 
^ TO 

o £ tj 

^ y 

to 03 CD 

£ "O 

“O 



E 

CD S 



c 

CD 

~o 

3 



’a; 



on 

X 

u 

03 



C 03 
*-* CD 

JJ b 

03 CD 

£ W - 

*-* > § 

on 03 ^ 

C on 

O 5 



E 

03 

cn 



_L_ on 
+-* > 
to 

° *03 

« § 

to w 

-Q ’-P 

D 03 

to U 

— D 
03 "O 

E S 

D 

TO O 

C 

c — 

o .E 

in 03 

— -M 

C TO 

O 

•■P -o 

TO C 

3 * 

o ^ 
O 03 

Q. i- 
-M 

+-> 

TO 03 

E O 



TO 

— >T3 
| TO C 

CD 



T3 

C 

03 

C 

03 

U 




on 

CD 



03 


t 




CJ) 


O 




c 


Q. 




X 

OJ 


Q. 

D 




03 


on 




CD 


T3 


CD 


4— 1 


C 


U) 


CD 


03 





cd a+j 
E T3 (D 

< CD ^ 



75 « 



in C 
TO TO TO 
> -Q -C 
1 C 
u TO 
2 C C 

• T .E to 

~ U <-» 
C w £ 
TO Qj U 

§■£ £ 

X o 
* +-> 

£ TO 

.s-s 

fc E 

E o 

< ^ 

^ on 

C C 



03 

+-* 

to 

D 

E 

-M 

c 

(D 



CD 

E 

TO 

o 

c 

c 

03 

U 

to 

C 

o 



if 

O ^ 



on 

CD 

> 

’-M 

U 

CD 

Q_ 

to 

t_ 

CD 

CL 



> 

C 

CD 

CD 



Q. 


o 


—j 

'+-» 


’-M 


-M 

4 -» 


03 

U 


O 

'-M 


~o 

c 


T 3 

03 




to 

C 


X 5 

03 

t. 

-M 


03 


L. 

H- 

< 


X 

"k- 


03 

to 


T 3 

C 


-M 

H- 


"fD 

c 


on 




CD 


-M 

c 


'+-» 

to 


03 




o 


X 


o 


03 


o 




+-» 

to 


O/ 

+-» 


'-P 


1 - 


C 


O 


u 


CD 


CD 


> 


03 


. 


(13 


X 


CD 


-M 

U 


X 


> 

O 


U 

D 


c 

o 




D 

CT 


03 

t_ 




X 


T 3 




on 


on 


■ — 


03 


T 3 


to 


CD 


■M 


4 -» 

C 


4 —* 

c 


C 

3 


X 

tj 


03 


Q. 


CD 




CD 


CD 


CD 

> 

03 

X 


CD 

> 

03 

X 


CD 

-M 

to 

_C 


D 

O 

t. 

cn 


to 

CD 

X 

1 - 


.j 

Q. 

O 

Q. 


T 3 

D 

-M 

to 


T 3 

D 

-M 

on 



C 

o 

u 

CD 

SI 

TO C 
> D 

!•- 

|i 

X +- 



CD 

u 

c 

OJ 

'v 

to 



to 

(D 

u 

C 

CD 



° S|= 

CD = 
u u 

+-» CD 
U on 
03 CD 



X X Q. "P 



to 

+-» 

C 

CD 

T3 

3 



CD 

to 

CD 



03 

C 

o 

’-M 

03 

U 

T3 

CD 

(D 



to 

CD 

C 

E 

03 

X 

CD 

CD 

CD 



00 



c 

CD 

E 
c 
o 

L- 

■> 

c 

(D 

m C 



E 

TO 

+-» 

on 

>% 

to 

-M 

C 

CD 

k. 

u 

CD 



(D 

> 



3 

to 



03 

CD 



to 

£ 

on 

+ J 

C 

CD 

T3 

D 

-M 

on 



CD 

-M 

Q. 

03 

X 

u 



to 

~03 

> 



D 

on 

rsi 



r^- 

cn 

_c 

’on 

to 



03 



to 

JD 

> 

-M 

to 

-M 

c 

CD 

t. 

CD 

it 

b 

ro 



O 

00 



Chapter Three: Underreprejem^edl ^rmf$ 



i 

l 



s 

Q> 



Q> 

Jt 



% 

i 

i 

£ 

w. 

r* 

Q* 



cu 

_c >1 
■m ±; 

cu o 

s S 

2 1 

u 

C “O 
— CU 

-M C 



CU 

WO 

CU 

k_ 

Q- 

<U 



<U 
T3 
03 

E 

c £ 

CU CU 
CU "O 

-O c 
<u =3 
> 
nj 



m 

cr> 

1 

£ .2 
-D .ti 
U ~o 

E 2 

ir +-' 

a J. 

“ o 

c c 

03 03 

£ C 

o E 

% <? 

rr C- 



wo 

03 



CU 

> 

CU 



to 

t 

o 

it 

<u 



T3 

C 

03 

C 

<u 

E 

o 



5 ° 

^tz c 

C (U 

.? E 

to (u 
CU 

u ^ 

0; 03 

■a -a 
+-* c 

£ * 

Q. C 

a, .2 



to Z3 

k- i_ 

(U u 

<u cu 

k- 

03 C 

Z o 
S "D 

.- CL) 

cd »q 
.2 u 

o o 
c 

_c cu 

u > 

a* a? 

** -C 

"O v/> 

s t 

nj o 

It 

a> 

C oo 
(U O 

u E 

to 



C 



E 

CU 

■4—3 

oo 

CT 1 i/i 

un CL 

|E 1 

. CD 

E "o 

<u CU 
-M +i 
to c 

>o (U 

Co 

— CU 

03 k. 

C Q. 

0 CU 
+-» 

03 CU 

s-g 

1 3 
CD •- 
.2 Q3 

Q- 

x o 

03 g. 

^ >, 
+3 -Q 

O ~o 

■4—3 CU 

c 



03 

oo 

o 



<u 

•4—3 

cu 

cu 



3 

Q 



03 

Q. 



O 

C 

o 



(U 

> 

o 

E 

T3 

C 

03 



03 > 

a — 

•n CT3 

cu 

t T3 

as 

£ £ 
^ o 

m £ 

03 +Z 

cu £ 

k. (U 

cl 

-4—3 

r> to 



T3 i 1 

ro £ 
to cu 
c cu 
o — 

3 | 

S ° 

WO k- 

.E o 
c 

03 +-* 

o ts 

.X (U 

03 CL? 
u 
3 



O 

E 



m 

CT> 

cr> 

T3 

k- 

(U 

X 

Q- 

(U 



~o u 

a; cu 

wo CU 
3 +-* 
wo O 

+- 3 

03 ■ — 
X £ 
-M Q- 

II 

■H 03 

— "D 

O cu 

wo +j 

w £ 



T3 
CU 

>. 

C 
03 

E _ 

cu -o 

to 3 

3 +-* 

z: wo 

03 

U CU 



to 

3 

E 

to 

-4—3 

c 

(U 



CU 

CD 



E -2 

a3 -9 

-4-3 V 
WO C\ 

>> JV 

wo 

03 9 
c 



— r- (U 

I/O C 



WJ 

X 

CU 



WO (U 

i _ 



wo 

-4—3 


03 

u 


wo 

-4—3 


03 

wo 


c 

03 


03 

> 

CU 


Q. 

CU 


-4—3 

X 


C 




c 


CU 


-M 


k- 


k_ 


03 


CU 


o 


<u 


"O 


c 


Q. 


CU 


3 


T3 

3 

-4—3 

WO 


-4—3 

WO 

X 


T3 

3 

-4—3 

WO 


-4—3 

o 

c 


03 

k_ 


CU 

X 

H 


T3 

C 

3 


O 

k_ 

X 

-4-3 



C 

03 

E 

cu 

k- 

wo 

E 

o 

o 

k- 

wo 

wo 

03 



Is 5 ! 

+- 1 -C 

i «a 

is; 

Ja« 

'■M E t 

U 0 U 

o) y lo 

JO o 

m ^ 00 

a S 2 
■ 0 'S c 
E o fo 
. c E 
c — 

O i 2 O 

'jj QJ t_ 

ic -O u 
u o . 
c F <N 
5 C <T) 
• J -M CD 
C T— 

! _ 2 C 

o o 
u tt 5 
o "O O) 
wo O CU 

■8S“: 

cu ^ oo 

^ wo 03 
wo c _Q 
<U C “Z 
“5s cu CU 
-M -C CD 

WO 



E 

E 




03 

00 






00 



o 

ERIC 



Programs which teach students to find their way through the current 
system can benefit students. (Anderson 1993, Ferhs and Czujko 1993, 
MacKay 1995, Panitz 1995, Rodrigues 1993) However, teaching only 
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The existing system has taught that many aspects that are important and 
valued by underrepresented groups, such as feelings and holistic thinking, 
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collaborative learning 
environments with 
interdependency of group 
members; motivates by affiliation 
rather than competition. 
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engineering education has been the appeal of a product as well as 
fairly reductionist and analytical. its usefulness, the ease of the 
Students really haven't been handling of a product as well as its 

trained to look at open-ended functionality, and the alternative 



Open-ended Problems in Math. 

Teachers change questions, so that instead of there being 
one correct answer there are many possible correct answers. 
A traditional math problem, such as "what percentage of 
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Soap Opera Sonata. Teachers create discovery stations in 
a science classroom for experimenting with altering the 
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Avoiding Deconfexualized Text. Like Native Alaskans, 
African-Americans placed the value of context far above 
that of decontextualized "text." 

Looking at what happened with Native teachers and 
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"Small is Beautiful" Chemistry. Colorado State 
University does "small is beautiful" chemistry. Small scale 
chemistry is cheaper, for one: CSU's costs for "consumables" 
in student labs has dropped, from more than $50,000 a year 
to less than $5,000. "Molecules are extremely small, and 50 
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Value of Technology? Teachers ask their students to write 
an essay on how they will use technology 1 5 years later. 
(Gilliand 1984) 
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Integrate cooperative experiences into the existing 
curriculum. Research indicates that the competition 
associated with the traditional teaching of mathematics 
generates anxiety about math in many students. Math can 
present a conflict in values for female and racial and ethnic 
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Interview a character in a novel. Students select a 
character from science or math that has been depicted in a 
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Ckafter Five: Create; A Safe.. 




Uses Technology Tools Holistically 



CHATTER FIVE: CREATES A SAFE, STIMULATING- ENVIRONMENT 
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The Power of Metaphors. Teachers encourage the use of 
vocabulary and metaphors in the science and math 
curriculum that are more inclusive of the entire human 
experience. In education, there is an emphasis on the 
vocabulary of sports and military metaphors that often 
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Working in groups. It is important to have techniques for 
checking on how well groups are working together and for 
ensuring that they composition of groups is conducive to 
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the brain and pair of hands performing the experiments. 
(Shepherd 1993 ) 
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Use English as a Foundation for Programming. High 
school teachers examine computer science classes for bias. 

Is advanced math, a subject more frequently taken by boys. 
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Chaffer Si*: E*f3*«ls...PerJfec+;vej 
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CHAPTER FIVE: EXPANDS THE PARTICIPANT'S 
PERSPECTIVES 
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Real education means 
more. 

(McCarthy 1987 pg. 13) 



Archaeoastronomy. Astronomy provides opportunity of 
access to all cultures around the world. Interest in ancient 
astronomy is a powerful means for promoting science in 
communities of all ethnicities, because it illustrates the 
universal character of science. Ancient astromony as viewed 
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Validating Different Perspectives. The instructor models 
nonjudgmental listening, clarifies points of view, and 
supports the validity of different perspectives. (This is a 
departure from emphasis on the search for correct answers.) 
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Community Graduation Project. To increase interest and 
motivation in the science and math curriculum teachers have 
their students use concepts from their math, science, and 
engineering classes to develop projects with various 
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A Solution Encourages +Ke Vise of Original Resources. 
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Chalk Dot. Teacher Donna Luther says an education system 
that teaches children "the right answer" turns out machines, 
not thinkers. On the first day of every year, I read to all 
freshmen a story from 'A Whack on the Side of the Head', 
about a teacher in a sophomore English class who put a chalk 
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Calendar Creation. The class as a group designs and 
presents an international calendar. Student groups could 
choose a month, geographic, and cultural region of the 
world that is of interest to them and include scientific, 
technological, and cultural themes related to that region. 
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Math Essay. In math, writing may take the form of a 
"math autobiography" assignment on the first day of 
Algebra I, where girls tell not only their learning history, but 
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Multicultural Classroom. All courses can be adapted to 
fit a multicultural climate with very little research by the 
instructor. Establishing a classroom environment that 
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CHATTER SEVEN: MOTIVATES STUDENTS TO VERSONAUY 
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Writing a Resume. Crafting a resume is a real world skill 
that students can use to navigate through life. To gain 
experience, teachers have cooperative student groups 
create criteria for gaining entry into a group. The criteria 
are centered around desirable skills for particular 
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Evaluation for Beauty and Elegance. Most assignments 
and projects in the science and technology curriculum are 
evaluated on objectively derived outcomes that have little to 
do with feeling or subjective criteria. These evaluations give 
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